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http://dx.doi.org/10.1016/j.jfma.201Background/Purpose: Several studies have indicated an inverse association between the inci-
dence of diabetes mellitus and magnesium and dietary fiber intake. Few studies have exam-
ined both of these associations together, not to mention in Asian populations with
prospective study design. We therefore aimed to study how dietary magnesium and fiber intake
levels affect diabetes incidence separately or in combination, in a prospective study in Taiwan.
Methods: The study subjects were recruited for a longitudinal study, CardioVascular Disease
risk FACtor Two-township Study cycle 2 from November 1990. Data from complete baseline
information on dietary and biochemical profile and at least one additional follow-up visit were
gathered on a total of 1604 healthy subjects aged 30 years and over. Cox proportional hazard
model was used to study the association between diabetes incidence and dietary magnesium
and fiber intake level estimated from a food frequency questionnaire.
Results: A total of 141 diabetes mellitus events were identified and confirmed during the 4.6
years of follow-up (7365.1 person-years). A significantly higher diabetes risk was observed
for people in the lowest quintile of total dietary fiber intake (hazard ratio Z 2.04; 95%
CI Z 1.17e3.53) and magnesium intake (hazard ratio Z 2.61; 95% CI Z 1.42e4.79)
compared with the highest quintile after adjusting for traditional cardiovascular disease riskreventive Medicine and Health Services Research, Institute of Population Health Sciences, National
Road, Zhunan, Miaoli County 35053, Taiwan.
(W.-H. Pan).
ight ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.
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652 L.-C. Weng et al.factors. Similar inverse associations for total dietary fiber were also shown for vegetable
fiber and fruit fiber.
Conclusion: Lower magnesium, lower total dietary fiber intake, or lower intake of both was
associated with higher risk of diabetes in the Taiwanese population. Clinical trials are
required to confirm the protective effects of the adequate intake of fiber, magnesium,
and/or their combination.
Copyright ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
According to World Health Organization statistics, there
were 171 million people with diabetes mellitus (DM)
worldwide in 2000, and the prevalence of DM may double
between 2000 and 2030 in urban populations.1 It is believed
that dietary inadequacy may play an essential role in the
development of non-insulin-dependent diabetes besides
sedentary lifestyle and genetics.
Magnesium (Mg) is the second most abundant cation in
the intracellular compartments of the human body. It has
been suggested that Mg level modulates insulin action and
insulin sensitivity.2 Insulin resistance is an early stage
marker of DM. In an animal study, Mg supplements pre-
vented a deterioration of insulin resistance or glucose
intolerance and delayed the development of spontaneous
DM.3,4 Recent meta-analysis further confirmed the inverse
association between Mg intake and DM incidence in
population-based study.5,6
Mg is abundant in fiber-rich foods. Dietary fiber is also
believed to be inversely associated with DM risk. In a human
study, dietary fiber or fiber-rich foods are known to improve
postprandial glycemic response,7 most likely because they
lower the glucose absorption rate and increase glucose
utilization in the gut.8 Several definitions of fiber groups,
including total dietary fiber (TDF), insoluble fiber and
cereal fiber, have been suggested to reduce DM risk in
prospective studies.9,10 Relatively few studies have inves-
tigated the combinatory effect of Mg and dietary fiber.
The prevalence of DM for Taiwanese adults over 45 years
of age between 1993 and 1996 was 7.9% in men and 17.3% in
women.11 These numbers increased to 20% and 18%,
respectively, in the 2005e2008 survey.12 DM has been the
fourth leading cause of death in Taiwan since 2002.13 Asians
had the highest increase in DM prevalence in a recent
multiple ethnic comparative study of older people that
included Caucasians, blacks and Hispanics.14 The preva-
lence rate in Taiwanese population was two-fold of that in
Mainland China.15 However, only one prospective study in
Shanghai studied the association between DM and Mg
consumption in societies of Chinese origin, where vegetable
and fruit consumption is considered high.16 Notably, this
study only included women and focused on the effect of Mg
and calcium intake on DM rather than the effect of fiber
intake.
In this study, we aimed to examine the association of Mg
intake, dietary fiber intake, and both of them combined
with DM incidence in a prospective study in Taiwanese
population. We also examined the effect of vegetable and
fruit fiber, since they are major contributors of dietary fiber
in Taiwanese diet. We did not examine cereal fiber, since atthe time of the baseline data collection, the major cereal
consumed by the population at large is refined rice.
Materials and methods
Subjects
Study participants were from the CardioVascular Disease risk
FACtor Two-township Study (CVDFACTS) cycle 2, which
began in November 1990 in Taiwan. Residents in Chu-Dong
(northwestern Taiwan) and those in Pu-Tzu (southwestern
Taiwan) were invited to enroll in CVDFACTS. Three addi-
tional cycles were carried out: 1993e1997 (cycle 3),
1997e1999 (cycle 4), and 1999e2002 (cycle 5). All together,
3486 participants enrolled in CVDFACTS cycle 2 provided
a blood sample, information on socio-demographics and fil-
led out a food frequency questionnaire between November
1990 and September 1993. We excluded subjects with DM,
stroke or cancer at baseline (nZ 580), those under 20 years
old (nZ 90), or those with extreme calorie intake (nZ 30;
<930 Kcal or >5500 Kcal for men and <745 Kcal or
>3700 Kcal for women) and nutrients consumed were
adjusted for daily calorie intake by residue method.17 We
included all adults to increase the sample size and calorie
range in order to obtain proper calorie-adjusted residuals.
There is extremely low incidence of ischemic stroke in the
20e30-year-old population, so we excluded subjects who
were younger than 30 years (n Z 392) and those without
complete risk factor variables (n Z 790). A total of 1604
participants were included in this study.
Dietary assessment
We used a validated food frequency questionnaire (FFQ) to
assess dietary intake in the previous year. This included the
frequencies and amounts of 49 food items consumed from
eight food groups. The FFQ had a fixed format and open-
ended questions on types of major staple foods, oils/fats,
sugars and supplements and included their frequency of
consumption.18 The standard portion size and frequency
were recorded to estimate the daily intake of foods and
nutrients. Daily dietary fiber and Mg intake levels were
calculated by multiplying the amount of food eaten daily,
the level estimated from frequency, and nutrient concen-
trations. Calorie intake level was calculated by summing
the calories from food and alcohol consumed. All nutrients
were calorie-adjusted by residue method.17 The validity of
this FFQ was published previously.19 The correlation coef-
ficients between FFQ and 15-day (five consecutive days on
three occasions) dietary records were 0.20 and 0.14,
Magnesium, dietary fiber, and diabetes incidence 653respectively, for dietary fiber and calorie-adjusted dietary
fiber. For all nutrients that were examined, the coefficients
ranged from 0.07 to 0.72. For calorie-adjusted nutrients,
they ranged from 0.08 to 0.65.
Ascertainment of diabetes incidence
A DM event was identified when either one of the following
conditions occurred: a fasting plasma glucose concentra-
tion over 126 mg/dL [7.0 mmol/L] in a follow-up visit or
self-reported DM drug usage (including insulin therapy).
Clinical and questionnaire information
Weight, height and waist circumference were measured
using standardized procedures.20 Body mass index (BMI) wasTable 1 Baseline characteristics of participants by incident dia
Non-DM (n Z 146
Age at interview (yrs) 49.8  12.2*
Chu-Dong residents (%) 55
Male (%) 43
Education >12 yrs (%) 53
Family history of diabetes (%) 34
Never smoked (%) 80
Never drunk alcohol (%) 92
Exercises routinely (%) 43
Body mass index (kg/m2) 23.7  3.1
Waist circumference (cm) 78.6  9.1
Systolic blood pressure (mmHg) 116.8  18.1
Diastolic blood pressure (mmHg) 74.6  10.4
Plasma cholesterol (mg/dL) 194.9  41.6
Plasma triglyceride (mg/dL) 97.1  62.2
Plasma HDL-C (mg/dL) 43.8  14.5
Plasma glucose (mg/dL) 93.9  10.1
Central obesity (%) 25
Hypertension (%) 19
High plasma cholesterol (%) 13
High plasma triglyceride (%) 7
Low plasma HDL-C (%) 40
Impaired fasting glucose (%) 27
Mean daily caloric intake (Kcal) 2054.8  665.1
Mean calorie-adjusted daily magnesium
intake (mg/day)
303.3  85.8
Mean calorie-adjusted daily dietary fiber
intake (mg/day)
31.8  10.2
Mean calorie-adjusted daily vegetable fiber
intake (mg/day)
9.4  6.2
Mean calorie-adjusted daily fruit fiber
intake (mg/day)
11.5  8.0
*Mean þ SD.
**age, sex, age-sex interaction adjusted.
Central obesity: waist circumference S90 cm for men; waist circumf
Hypertension: systolic blood pressure S140 mmHg, or diastolic blood
Hypercholesterolemia: plasma cholesterol S240 mg/dL [6.2 mmol/L]
Hypertriglyceridemia: serum triglyceride S200 mg/dL [2.3 mmol/L].
Low HDL-cholesterol: plasma HDL-cholesterol <40 mg/dL [1.0 mmol/
Impaired fasting glucose: 100 mg/dL [5.5 mmol/L] <plasma glucose <
Key: DM e diabetes mellitus, HDL-C e HDL-cholesterol.calculated by dividing the person’s weight by their height in
meters squared. Blood pressure was measured three times
after sitting for 5 minutes, and the mean of the last two
readings was used for analysis. Answers to questionnaires
including demographic data (birth date and sex), lifestyle
(smoking, alcohol consumption, and physical activity),
family history of diseases, and self-reported health condi-
tions (disease status and drug using record) were also
collected on the same day.
Fasting blood samples were collected and then kept in
4C before centrifugation. We obtained a heparinized
plasma sample by centrifugation at 1469  g for 15 minutes
at 4C. Plasma cholesterol, triglyceride and glucose were
quantified using the Monarch 2000 Autoanalyzer (Instru-
mentation Laboratory, Lexington, MA, USA). High-density
lipoprotein-cholesterol (HDL-C) was determined using
once-thawed plasma stored at -70Cusing the homogeneousbetes mellitus status.
3) DM (n Z 141) p-value Hazard ratio for DM**
52.7  10.5 0.0016
61 0.1458 1.79 (1.27,2.52)
41 0.728 0.87 (0.62,1.23)
42 0.0084 0.75 (0.51,1.09)
40 0.1080 1.33 (0.95,1.88)
77 0.5141 0.68 (0.41,1.13)
88 0.0774 0.58 (0.33,1.01)
44 0.7503 1.09 (0.78,1.52)
26.6  3.6 <.0001
86.3  9.6 <.0001
123.5  18.7 <.0001
77.7  10.2 0.0009
198.0  32.8 0.3099
136.5  85.7 <.0001
39.1  10.3 <.0001
105.4  11.9 <.0001
62 <.0001 4.07 (2.85,5.81)
34 <.0001 1.30 (0.90,1.88)
9 0.1594 0.57 (0.32,1.02)
16 <.0001 1.90 (1.21,2.98)
62 <.0001 2.14 (1.52,3.02)
65 <.0001 4.11 (2.88,5.85)
2109.3  821.8 0.44
282.9  80.9 0.0068
28.9  10.0 0.0016
8.0  4.8 0.0028
9.9  7.5 0.0246
erence S80 cm for women.
pressure S90 mmHg, or taking antihypertensive drugs.
.
L].
126 mg/dL [7 mmol/L].
Table 2 Baseline characteristics of participants by quintiles of magnesium and dietary fiber intake.
Quintile of calorie-adjusted daily dietary intake of magnesium and dietary fiber p-value
Q1(Low) Q2 Q3 Q4 Q5 (high)
Magnesium
Age at interview (yrs) 49.7  12.2 51.1  12.1 50.2  12.5 49.8  12.2 49.2  11.2 0.3395
Chu-Dong residents (%) 50 50 56 57 63 0.0037
Male (%) 68 45 34 32 32 <0.0001
Education >12 yrs (%) 13 12 14 12 16 0.0574
Family history of diabetes (%) 34 32 35 36 35 0.8628
Never smoked (%) 65 78 83 87 84 <0.0001
Never drunk alcohol (%) 84 92 94 96 93 <0.0001
Exercises routinely (%) 50 47 46 50 59 0.1209
Body mass index (kg/m2) 23.9  3.2 23.6  3.1 23.9  3.3 24.1  3.1 24.3  3.3 0.0718
Central obesity (%) 32 26 28 29 25 0.2868
Hypertension (%) 18 22 22 20 20 0.7537
High serum cholesterol (%) 12 17 12 12 13 0.2937
Hypertriglyceridemia (%) 9 6 7 9 8 0.3605
Low serum HDL-C (%) 46 41 43 41 40 0.5057
Impaired fasting glucose (%) 27 32 31 34 29 0.3196
Mean daily caloric intake (Kcal) 2445  764 1970  605 1849  603 1921  594 2115  656 <0.0001
Total Dietary Fiber
Age at interview (yrs) 50.0  12.4 51.0  12.5 50.5  12.3 49.7  11.4 49.0  11.5 0.2561
Chu-Dong residents (%) 48 50 60 60 58 0.0016
Male (%) 70 47 40 31 25 <0.0001
Education >12 yrs (%) 16 14 13 12 11 0.1537
Family history of diabetes (%) 32 36 33 34 36 0.6397
Never smoked (%) 62 76 83 86 90 <0.0001
Never drunk alcohol (%) 82 92 94 97 94 <0.0001
Exercises routinely (%) 50 50 45 51 56 0.1372
Body mass index (kg/m2) 23.7  3.2 23.8  3.3 24.1  3.2 24.1  3.2 24.1  3.2 0.2902
Central obesity (%) 28 28 29 26 27 0.9749
Hypertension (%) 15 23 26 20 19 0.0049
Hypercholesterolemia (%) 15 14 15 9 13 0.1758
Hypertriglyceridemia (%) 9 6 8 10 5 0.2044
Low serum HDL-C (%) 48 40 43 41 39 0.1981
Impaired fasting glucose (%) 29 29 36 28 31 0.2245
Mean daily caloric intake (Kcal) 2438  755 1970  646 1913  587 1925  597 2053  664 <0.0001
Central obesity: waist circumference S90 cm for male; waist circumference S80 cm for female.
Hypertension: systolic blood pressure S140 mmHg, or diastolic blood pressure S90 mmHg, or taking antihypertensive drugs.
Hypercholesterolemia: plasma cholesterol S240 mg/dL [6.2 mmol/L].
Hypertriglyceridemia: serum triglyceride S200 mg/dL [2.3 mmol/L].
Low HDL-cholesterol: plasma HDL-cholesterol <40 mg/dL [1.0 mmol/L].
Impaired fasting glucose: 100 mg/dL [5.5 mmol/L] plasma glucose <126 mg/dL [7 mmol/L].
Key: DM e diabetes mellitus, HDL-C e HDL-cholesterol.
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Magnesium, dietary fiber, and diabetes incidence 655method21 of the Hitachi 7250 Special automation system
(Hitachi, Tokyo) in 2001. The coefficients of variation for
plasma cholesterol, triglyceride and glucose are 5.7%, 9.7%
and 5.1%, respectively.
Statistical analyses
The means and standard deviations (or percentage) of all
variables were presented by incident DM status and by
quintiles of nutrient intake. The differences between DM
cases and those remained free from DM were compared by
t-test and c2 test. The differences among each quintile
were compared by analysis of variance and c2 test. We used
the Cox proportional hazard model to assess the diabetes
risk (hazard ratio, HR) of the low nutrient/nutrients intake
groups, with the highest quintile of nutrient intake as
reference group. The highest quintiles were used as the
reference, since Taiwanese dietary reference intakes)22 set
an upper limit of 700 mg of Mg due to the potentially
adverse effects of excess intake. The same principle was
adopted for dietary fiber. The median of each quintile was
used in an ordinal scale for the trend test. Three models
were constructed using the Cox regression model. Adjust-
ment was made for age, sex, ageesex interaction, daily
calorie intake level, and residential area in model 1; as well
as family history of diabetes, BMI, and central obesity in
model 2; and education, smoking habit, drinking habit,
physical activity, hypertension, hypercholesterolemia,
hypertriglyceridemia and low HDL-C in model 3.
For further joint-effect assessment, Mg and TDF intake
were respectively stratified into three groups. In comparison
with the high Mg and fiber intake group, the DM risk of
a lower Mg intake and/or lower fiber intake were evaluated
by Cox proportional hazard model after adjusting for all risk
factors in model 3. Interactions between Mg and dietary
fiber and between Mg/dietary fiber and all other risk factors
were tested in model 3, but none of these interactions wereTable 3 Hazard ratios (HRs) and 95% confidence intervals (CIs)
magnesium intake.
Quintile of calorie-adjusted
Q1 (Low) Q2 Q3
HR (95% CI) HR (95% CI) HR
Range (mg/day) <240.6 240.6w275.6 275
Median (mg/day) 212.4 260.2 290
Case/subject 39/320 31/321 27/
Person-years 1524.7 1473.81 143
Model 1 2.66 (1.47-4.82) 1.92 (1.05-3.52) 1.7
Model 2 2.71 (1.49-4.95) 2.09 (1.14-3.85) 1.7
Model 3 2.61 (1.42-4.79) 2.16 (1.16-4.02) 1.7
Model 1 was adjusted for age (30e39.9, 40e49.9, 50e59.9, 60e69.9,
and residential area.
Model 2 was adjusted for the covariates in model 1 plus family histor
central obesity (yes/no).
Model 3 was adjusted for the covariates in model 2 plus education (<7
[tertile]), drinking habit (never, past, current [tertile]), frequency o
hypercholesterolemia (yes/no), hypertriglyceridemia (yes/no), low H
None of the variables in the models had significant interactions withstatistically significant. All statistics were performed by SAS
version 9.1.3 (SAS Institute, Cary, North Carolina).
Results
The baseline characteristics of participants by incident DM
status and hazard ratios for DM of each risk factor are
presented in Table 1. Age at interview, BMI, waist circum-
ference, systolic blood pressure, diastolic blood pressure,
plasma triglyceride, plasma HDL-C and plasma glucose were
significantly higher in those who developed DM during the
follow-up compared to their counterparts. There were no
differences in mean daily caloric intake levels between the
two groups. Level of education, mean calorie-adjusted
daily Mg, dietary fiber, vegetable fiber and fruit fiber
intakes were significantly lower in participants who devel-
oped DM. Participants residing in Chu-Dong area had higher
risk (HR Z 1.79, 95% CI Z 1.27e2.20) compared to Pu-Tze
residents, and so did those with central obesity (HRZ 4.07,
95% CIZ 2.85e5.81), hypertriglyceridemia (HRZ 1.90, 95%
CI Z 1.21e2.98), lower HDL-C (HR Z 2.14, 95%
CI Z 1.52e3.02), and those with impaired fasting glucose
(HR Z 4.11, 95% CI Z 2.88e5.85) compared to their
counterparts.
Baseline characteristics of subjects were presented by
quintiles of Mg and TDF intake in Table 2. Participants with
lower Mg intake were less likely to be Chu-Dong residents,
and were more likely to be smokers or to drink alcohol.
They were also more likely to be men and those with higher
mean daily calorie intake. No significant differences were
found in the distribution of other variables, including
education, family history of DM, physical activity, central
obesity, hypertension, hypercholesterolemia, hyper-
triglyceridemia, lower HDL-C, and impaired fasting glucose.
There were no differences with respect to mean age and
BMI across quintiles. Similar findings were observed in the
quintiles of TDF intake.for diabetes mellitus by quintiles of calorie-adjusted dietary
daily dietary magnesium intake p value
for trendQ4 Q5 (High)
(95% CI) HR (95% CI) HR
.6w306.3 306.3w352.3 352.3
.8 325.8 405.9 d
321 27/321 17/321 d
5.54 1465.98 1465.06 d
3 (0.93-3.21) 1.63 (0.88-3.04) 1 0.001
1 (0.92-3.18) 1.61 (0.86-3.01) 1 0.001
3 (0.93-3.24) 1.61 (0.85-3.04) 1 0.001
70), sex, ageesex interaction, caloric intake per day (quartile),
y of diabetes, BMI (<24 kg/m2, 24e26.9 kg/m2, 27 kg/m2) and
yrs, 7e12yrs, >12yrs), smoking habit (never, past, rarely, current
f activity (never, sometimes, routinely), hypertension (yes/no),
DL-cholesterol (yes/no).
magnesium.
656 L.-C. Weng et al.A total of 141 new cases of DM occurred within the
7365.1 person-years of follow-up (Table 3). Compared with
the highest quintile of Mg intake, lower Mg intake increased
diabetes risk after adjusting for age, sex, ageesex inter-
action, caloric intake per day, and residential area.
(HRZ 1.92; 95%CIZ 1.05e3.52 for Q2 and HRZ 2.66; 95%
CIZ 1.47e4.82 for Q1, respectively). Following adjustment
for family history of diabetes, BMI and central obesity, the
HRs became larger (HR Z 2.09; 95%CI Z 1.14e3.85 for Q2
and HR Z 2.71; 95%CI Z 1.49e4.95 for Q1, respectively).
The diabetes risk attenuated after adjusting for other risk
factors, but it was still significant (HR Z 2.16; 95%
CI Z 1.16e4.02 for Q2 and HR Z 2.61; 95%CI Z 1.42e4.79
for Q1, respectively). The p-values for trend were signifi-
cant in all models (p<0.05).
Nearly two-fold higher diabetes risk was observed in the
lowest quintile of TDF (Table 4). The HR of the lowest TDF
intake was 1.91 (95%CI Z 1.11e3.28 compared with the
highest quartile) after adjusting for age, sex, ageesex
interaction, caloric intake per day and residential area.
Increasing diabetes risk was consistently observed in the
lowest quartile after further adjusting for other risk factorsTable 4 Hazard ratios (HRs) and 95% confidence intervals (CIs)
fiber intake.
Quintile of calorie-adjus
Q1 (Low) Q2 Q3
Total dietary fiber HR (95% CI) HR (95% CI) HR
Range (g/day) <24.1 24.1w28.6 28
Median (g/day) 20.4 26.5 30
Case/subject 40/320 26/321 30
Person-years 1521.46 1454.98 14
Model 1 1.91 (1.11-3.28) 1.24 (0.69-2.20) 1.
Model 2 2.08 (1.21-3.60) 1.35 (0.76-2.41) 1.
Model 3 2.04 (1.17-3.53) 1.43 (0.79-2.59) 1.
Vegetable fiber
Range (g/day) <5.1 5.1w7.4 7.
Median (g/day) 3.2 6.3 8.
Case/subject 38/320 25/321 31
Person-years 1539.01 1423.16 14
Model 1 1.81 (1.01-3.22) 1.48 (0.82-2.64) 1.
Model 2 1.91 (1.06-3.44) 1.50 (0.83-2.71) 1.
Model 3 2.23 (1.22-4.08) 1.63 (0.89-2.98) 1.
Fruit Fiber
Range (g/day) <5.6 5.6w8.6 8.
Median (g/day) 3.1 7.1 10
Case/subject 38/320 26/321 34
Person-years 1443.74 1468.36 14
Model 1 1.63 (0.95-2.81) 1.16 (0.66-2.03) 1.
Model 2 1.74 (1.02-2.98) 1.46 (0.82-2.58) 1.
Model 3 1.81 (1.05-3.13) 1.58 (0.88-2.84) 1.
Model 1 was adjusted for age (30e39.9, 40e49.9, 50e59.9, 60e69.9,
and residential area.
Model 2 was adjusted for the covariates in model 1 plus family his
27 kg/m2) and central obesity (yes/no).
Model 3 was adjusted for the covariates in model 2 plus education (<7
[tertile]), drinking habit (never, past, current [tertile]), frequency o
hypercholesterolemia (yes/no), hypertriglyceridemia (yes/no), low H
None of the variables in the models had significant interactions with(HRZ 2.08; 95%CIZ 1.21e3.60 for the lowest TDF quintile
for model 2 and HR Z 2.04; 95%CI Z 1.17e3.53 for the
lowest TDF quintile for model 3, respectively).
We separated two kinds of fibers from TDF by their
origins. Vegetable fibers included those from vegetable
dishes, such as leafy vegetables, bamboo shoots, legumes,
pumpkins, carrots, pickles, and other vegetables, but not
those from soybean and soybean products, mung beans and
adzuki beans. Fruit fiber included those from mango,
papaya, persimmon, oranges, guava, litchi, longan, and
other fruits. Similar to TDF intake, calorie-adjusted vege-
table fiber had a protective effect on DM incidence. The
lowest quintile of vegetable fiber intake increased DM risk
by two-fold after adjusting for risk factors (HRZ 2.23, 95%
CI Z 1.22e4.08 for the lowest quintile in comparison with
the highest quintile). Moreover, a similar negative corre-
lation was observed between fruit fiber intake and the risk
of DM.
Higher diabetes risk was also found in the group with
both lower Mg and lower TDF intake (Fig. 1). We individu-
ally trisected Mg and TDF intake to tertiles and combined
them into nine groups. Significantly higher risk wasfor diabetes mellitus by quintiles of calorie-adjusted dietary
ted daily dietary fiber intake p value
for trendQ4 Q5 (High)
(95% CI) HR (95% CI) HR
.6w33.0 33.0w38.6 >38.6
.6 35.5 43.3 d
/321 22/321 23/321 d
59.36 1437.48 1491.81 d
26 (0.73-2.19) 0.95 (0.53-1.71) 1 0.013
22 (0.70-2.13) 0.95 (0.52-1.71) 1 0.005
27 (0.72-2.26) 0.90 (0.49-1.65) 1 0.004
4w9.4 9.4w12.9 >12.9
3 10.9 15.8 d
/321 25/321 22/321 d
56.46 1484.7 1461.76 d
57 (0.90-2.74) 1.13 (0.63-2.01) 1 0.028
62 (0.92-2.84) 1.06 (0.59-1.91) 1 0.016
78 (0.99-3.20) 1.06 (0.58-1.93) 1 0.004
6w11.9 11.9w16.5 >16.5
.2 14.0 20.6 d
/321 19/321 24/321 d
70.22 1463.09 1519.69 d
42 (0.83-2.42) 0.83 (0.46-1.52) 1 0.051
55 (0.91-2.66) 0.96 (0.52-1.76) 1 0.020
60 (0.92-2.78) 1.03 (0.55-1.91) 1 0.015
70), sex, age-sex interaction, caloric intake per day (quartile),
tory of diabetes, body mass index (<24 kg/m2, 24e26.9 kg/m2,
yrs, 7e12yrs, >12yrs), smoking habit (never, past, rarely, current
f activity (never, sometimes, routinely), hypertension (yes/no),
DL-cholesterol (yes/no).
fiber.
Figure 1 Hazard ratios and 95% confidence intervals for diabetes mellitus in relation to the combination of calorie-adjusted
magnesium and dietary fiber intake*. *Hazard ratio was adjusted for age (30e39.9, 40e49.9, 50e59.9, 60e69.9, 70), sex and
age–sex interaction, residential area, family history of diabetes, body mass index (<24 kg/m2, 24e26.9 kg/m2, 27 kg/m2) and
central obesity (yes/no), education (<7 yrs, 7e12 yrs, >12 yrs), smoking habit (never, past, rarely, current [tertile]), drinking habit
(never, past, current [tertile]), frequency of activity (never, sometimes, routinely), hypertension (yes/no), hypercholesterolemia
(yes/no), hypertriglyceridemia (yes/no), low HDL-cholesterol (yes/no), calorie intake per day(quartile).
Magnesium, dietary fiber, and diabetes incidence 657observed in the lowest Mg and TDF intake group after
adjusting for risk factors. The HR in the lowest Mg intake
combined with lowest TDF intake was 2.48 (95%
CIZ 1.44e4.30) compared with the highest group for both.
The risk level in this group is higher than that for individuals
in the lowest tertile of dietary Mg (HR Z 2.02; 95%
CI Z 1.29e3.17) and those in the lowest tertile of TDF
(HR Z 2.14; 95%CI Z 1.38e3.31). There is no significant
interaction between Mg and TDF intake in the models. None
of the variables in the models had significant interactions
with TDF or magnesium.Discussion
During the 4.6 years of follow-up among the CVDFACTS
population in Taiwan, we found inverse associations
between DM risk and dietary Mg, TDF, vegetable fiber and
fruit fiber. Around 100e160% increase in DM risk was
observed in the lowest quintiles of Mg or fiber intake
groups. Increased DM risk was also found in the group with
the lowest TDF intake and lowest Mg intake combined in
comparison either low TDF or low Mg intake alone.
Similar to most prospective studies,5,15 sufficient Mg
intake had a beneficial effect on DM incidence in this Asian
study. Mg status was hypothesized to protect against DM
development by mediating glucose homeostasis via
glucose metabolism, insulin sensitivity and insulin action.2
In an animal model, Mg supplementation has been shown
to prevent fructose-induced insulin insensitivity3 and
reduce the incidence of DM.4 In humans, some studies
have suggested that Mg supplements improve insulin
response, action or sensitivity in DM patients.23,24 The
inverse association between Mg intake and DM risk in our
study and relatively poor Mg status in the Taiwanese
population25 suggest that poor Mg status may be critical in
DM etiology in Taiwan and future intervention studies are
warranted.Recent meta-analysis collecting data from nine cohort
studies summarized the causal effect between fiber and DM
risk, but no obvious risk reduction was observed in higher
vegetable or fruit fiber intake groups.5 However, people
who had lower vegetable or fruit fiber intake had a nearly
two-fold increased risk of DM in our study. There are several
potential explanations for the significant protective effect
of fiber intake.
First, vegetables and fruits are abundant sources of both
soluble and insoluble fiber, which may directly or indirectly
affect carbohydrate absorption and metabolism, which in
turn influence DM development. Soluble fiber is believed to
postpone plasma glucose response by creating a gel-like
substance in the gastrointestinal tract, which may slow
down glucose absorption.26 In addition, insoluble fiber may
reduce the time for carbohydrate absorption by shortening
intestinal transit.27 In the Iowa Women’s Health Study, total
insoluble fiber was also shown to be inversely correlated
with type 2 diabetes.9 Second, in comparison with other
studies,5 the ranges of fiber intake in our study were larger.
Although the median fiber intake of the lowest quintile in
our study was similar to those of others (3.2 g of vegetable
fiber in our study and 0.7e4.7 g of vegetable fiber in other
studies; 3.1 g fruit fiber in our study and 0.2e4.7 g fruit
fiber for other study), median fiber intake from fruit and
vegetables were higher in the highest quintile compared to
others (15.8 g vegetable fiber in our study, and 3.4e11.7 g
vegetable for other studies; 20.6 g fruit fiber in our study,
and 4.6- Z e14.5 g fruit fiber for other studies). Thus, it
may be easier to observe the inverse associations in our
study.
Finally, our definition of vegetable was slightly different
from that of other studies. We excluded soybean, soybean
products, mung beans and adzuki beans from legumes
because Taiwanese do not treat them as vegetables.
Although the Shanghai Women’s Health Study indicated
that soybean and legumes reduced DM risk in Chinese
women,28 soybean fiber or legume fiber on their own did
658 L.-C. Weng et al.not show the same protective effect (data not shown) in
this study. Further, vegetable fiber including all legumes
showed a similar result but was not as good.
There were some limitations in this study that should be
considered. First, the FFQ in this study was not designed
specifically for Mg intake and the validity and reliability of
Mg intake were not examined in the previous validation
study. Misclassification of Mg intake may underestimate the
association between Mg intake and the risk of DM. Despite
this, the negative correlation between dietary Mg intake
and DM risk were still shown in this study. Second, the FFQ
was only conducted at baseline. Dietary habits may change
during the follow-up period. Though we do not know the
dietary changes during these years, baseline fiber and Mg
intake were still inversely correlated with DM incidence.
Finally, insufficient information on nutrients database, such
as soluble fiber, insoluble fiber, glycemic load (GL), and
glycemic index (GI) restricted further explanation of our
data. Several studies have suggested a positive correlation
between insoluble fiber, GI, GL and DM risk,29e31 including
the study focused on Chinese population.31 Some studies
have further indicated that the joint effect of cereal fiber
and GL was more potent on DM risk.29,30 We did not
calculate cereal fiber content, because in the early 1990s
there were no whole-grain cereals available in the market
and people consumed products containing refined rice and
refined flour.
Evidence that can support the influence of fiber or Mg
intake on the incidence of DM in the Asian population was
scarce. Our study suggested that adequate fiber or Mg may
be beneficial for DM prevention and management in the
Taiwanese population. Since vegetable, fruit and whole
grains are major contributors of Mg and dietary fiber, our
study reiterates the importance of consuming a sufficient
amount of these plant foods. However, we do not advocate
“the higher the better” concept with regard to Mg and fiber
intake due to their potentially adverse effects at excess
levels.
Findings from our study indicate an inverse association
between dietary fiber, Mg intake and DM risk in Taiwanese
similar to those found in Western countries. Dietary fiber,
such as TDF, fruit and vegetable fibers were also protective
against DM in our study. Greater effect was observed in the
group with low TDF as well as low Mg intake.
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